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1
PROCESS FOR MAKING COMPOSITE
ATHLETIC SHAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation of U.S. patent
application Ser. No. 11/460,973 filed Jul. 29, 2006, which
claims priority to U.S. provisional applications 60/710,643,
filed Aug. 23, 2005, and 60/716,911, filed Sep. 14, 2005,
which are incorporated by reference.

BACKGROUND OF THE INVENTION

This invention relates to a stick having a shaft to which
various pieces of athletic equipment can be attached. In par-
ticular, it relates to a lacrosse stick having a shock-absorbing
core, a durable outer skin encasing the core, and a stiffener
encased within the core, and a mounting plate for attaching a
lacrosse head frame and net to one end of the shaft.

Lacrosse is a game that originated with the American and
Canadian Indians. The game requires a stick to which is
attached a small net for catching and throwing a ball. The
sticks were originally hand-crafted of wood, usually of
hickory, but they lack uniformity as to quality, strength,
weight, and feel in the hands of a player. Many modern
lacrosse sticks are made of metal alloys and plastic compos-
ites. They are lighter and more uniform than wood, but some
of'their properties, such as vibration damping, impact absorp-
tion, strength, and balance, are not are good as players desire.
As a result, they produce unwanted vibration, transfer impact
shock to the user, and may break, leaving jagged ends that
may injure themselves and other players.

BRIEF SUMMARY OF THE INVENTION

We have invented a stick for use in playing various sports
that overcomes many of the deficiencies of prior sticks. The
stick comprises a shaft to which various pieces of athletic
equipment can be attached. It has a skin of hard composite
resin over a soft foamed plastic core encasing a stiffener. The
unique construction of the stick reduces its weight, increases
its safety, and improves its behavior when used in playing
sports.

The foamed plastic absorbs shocks and the skin and stift-
ener provide additional rigidity to the stick. By using a hollow
tube as a stiffener, a fixed or moveable weight may be posi-
tioned within the hollow tube to enable the user to increase or
decrease the weight and/or its position along the tube. A
mounting plate at the end of the shaft is provided so that
various types of athletic equipment may be attached to the end
of the shaft.

The shaft of this invention is significantly more flexible
shaft than the widely available commercial hollow metal or
composite tube designs, and the increased flexibility
improves safety for the players. For example when a player
knocked to the ground has one end of a stick supported by his
body with the other end on the ground, and another player
falls on the stick, both players benefit from the diminished
force applied to their bodies by the more flexible stick.

When a stick is stressed to breaking failure, it is desirable
to have the failure point not present sharp edges capable of
cutting a player. The composite stick of this invention mini-
mizes sharp jagged edges and, when bent to the point of
breaking, the skin collapses while the supporting core safely
compresses. Commercial hollow metal and composite tube
sticks, on the other hand, present sharp points at each side of
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the fold when bent to folding and, in the case of strong alloys,
metal spall has occurred. In one case, a ¥1s-inch by Y2-inch
long piece was forcefully ejected from the surface, hitting the
test engineer’s face shield. Since players do not generally
wear eye protection spall could present an eye damage haz-
ard.

During lacrosse play, stick-on-stick impact is common,
which shocks the hands of the players. Repetitive shocking
can lead to injury. The sticks of this invention dampen the
shock much more than the commercial hollow tube designs.

Other objects, features, and advantages of the present
invention will become apparent upon consideration of the
following detailed description and the accompanying draw-
ings, in which like reference designations represent like fea-
tures throughout the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an embodiment of a lacrosse stick
according to this invention that has a spar-stiffened shaft.

FIG. 2 is a view through A-A in FIG. 1.

FIG. 3 is a view through B-B in FIG. 1.

FIG. 4 is a side view in section of embodiment of a hollow
tube stiffened shaft according to this invention.

FIG. 5 is a view through C-C in FIG. 4.

FIG. 6 is a side view in section of a shaft similar to the shaft
of FIG. 4, where the hollow tube contains spars.

FIG. 7 is a view through D-D in FIG. 6.

FIG. 8 is a side view in section of a shaft similar to the shaft
of FIG. 4, where the internal stiffener is a round hollow tube.

FIG. 9 is a view through E-E in FIG. 8.

FIG. 10 is a side view in section of a shaft similar to the
shaft of FIG. 8, where the hollow tube contains adjustable
weights. The inside portion of tube that the weights are in
contact with, is threaded, so that the user can turn the weights
moving them in or out to adjust and set their fixed position.
The end of the threaded weights are slotted or otherwise
altered on the outside so that it can be turned by the user.

FIG. 11 is a side view in section of shaft similar to the shaft
of FIG. 10, where the movement of the weight is opposed by
springs.

FIG. 12 is a side view in section of a shaft similar to the
shaft of FIG. 10, where the movement of a weight in the
hollow tube is dampened.

FIG. 13 is a side view of a shaft similar to the shaft of FIG.
10, where the position of the weight in the hollow tube is
adjustable.

FIG. 14 is a side view of a shaft similar to the shaft of FIG.
10, where the weight is on a screw drive and its position is
adjustable.

DETAILED DESCRIPTION OF THE INVENTION

InFIG. 1, lacrosse stick 1 comprises elongated shaft 2 with
lacrosse head frame and net 3 attached at one end 4. In
addition to lacrosse head frame and net 3, other types of
athletic equipment may be attached to shaft 2. For example,
shaft 2 may be attached to a hockey blade, a tennis head frame
and net, a golf club head, or no attachment in the case of a
martial arts bo staff.

Shaft 2 may have any length that is appropriate for the sport
and player size for which it is intended to be used. For
example, for lacrosse, the shaft is preferably about 25 to about
60 inches long, for hockey it is preferably about 46 to about 62
inches long, for golf it is preferably about 20 to about 46
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inches long, and for martial arts it is preferably about 30 to
about 85 inches long. Shaft 2 is normally linear, but may be
curved if desired.

In cross-section (FIGS. 2 and 3), shaft 2 may have any
shape, including circular, oval, elliptical, polygonal, and
other shapes, but an octagonal shape is preferred as it is
usually easier for a human hand to grasp. To enable a player
to feel the orientation of the shaft, the octagon preferably has
four pairs of opposing parallel sides, where there are two long
opposing sides, two medium length opposing sides at 90
degrees to the two long opposing sides, and four short oppos-
ing sides in between the long and medium length opposing
sides at between about 30 degrees and about 50 degrees to the
other sides, as shown in FIGS. 2 and 3. Various sports orga-
nizations may dictate the dimensions and other specifications
for stick 1.

Still referring to FIGS. 2 and 3, shaft 2 has a dense and
durable fiber-reinforced plastic skin 5 encasing a less dense
shock-absorbing core 6. Skin 5 provides impact resistance to
blows from other sticks or objects as well as rigidity to the
shaft. Skin 5 is a composite material made of a hard plastic in
which are embedded reinforcing fibers. Examples of suitable
reinforcing fibers include fiberglass, para-aramid polymer
fibers, carbon fibers, and metal fibers; a hybrid weave of
polyamide (para-aramid polymer) fibers and carbon fibers is
preferred because of its combined high modulus and dynamic
loading capabilities. The fibers are preferably in the form of'a
woven fabric to provide continuous reinforcement in two
directions. Preferably, the directions are perpendicular and
one is aligned with the longitudinal axis of the shaft.
Examples of suitable polymer resins for the fiber-reinforced
composite resin skin include: polyester, vinyl ester, polycar-
bonate, polyamide, polyethylene, polypropylene, and
polyphenylene sulfide. The preferred resin is polyester
because of its durability, impact strength, and ultraviolet
(UV) resistance. Preferably, outer skin 5 is made of a hybrid
woven fabric of carbon fiber and polyamide fiber (e.g., “Kev-
lar”’) melded in an epoxy polymer matrix resin. A coating of
polyurethane or other non-slippery plastic (not shown) may
be applied over skin 5 to dampen vibrations and provide a
surface that is not slippery.

Core 6 is a light weight, shock-absorbing material.
Examples of suitable materials include balsa wood and struc-
tural plastic foams, such as polyurethane, and polystyrene;
the preferred core material is extruded polystyrene because it
has afine cell “grain” structure that runs vertically through the
foam rather than horizontally or lengthwise like expanded
polystyrene or polyurethane foam. The vertical cell align-
ment creates a rigid honeycomb effect ideal for high shear
load and impact. The vertical cell structure also allows for
better penetration of the epoxy resin into the foam’s surface
thereby enhancing the bond between the foam core 6 and the
outer skin 5.

Core 6 has an elongated stiffening member or members
encased within it. In FIGS. 2 and 3 the stiffening member is
spar 7, which extends the length of shaft 2, but may terminate
about 0 to about 3 inches from each end. A single spar 7 may
be used or several spars 7 may be used in order to increase
stiffness. Spar 7 preferably has vanes 8 that extend laterally in
two perpendicular directions, as shown in FIGS. 2 and 3, but
may extend laterally in only a single direction or in more than
two directions, or in directions that are not perpendicular, if
desired. Spar 7 is preferably orientated with its vanes 8 per-
pendicular to sides of shaft 2. Vanes 8 are preferably about
0.015 inches to about 0.060 inches thick and extend from the
center of spar 7 about 0.25 inches to about 1 inch. Spar 7 may
be made of various rigid materials, such as unidirectional
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carbon fiber, metal, or plastic, but it is preferably made of
unidirectional carbon fiber because of its superior rigidity and
strength to weight ratio.

Referring to FIG. 3, shaft 2 is also provided with at least
one mounting plate 9 located at end 4 to which a lacrosse head
frame and net 3 or other athletic equipment may be attached.
Mounting plate 9 is preferably a lightweight, high-strength
material. Metals, such as aluminum alloy, steel, titanium, etc.,
and other materials such as mineral glass filled nylon may be
used. Mounting plate 9 is preferably permanently attached to
shaft 2, but it may also be attached by means of a fastener,
such as clips, screws, nuts and bolts, etc., so that it may be
removed and replaced if it becomes damaged or worn.

In FIGS. 4 and 5, shaft 10 also has a skin 5, core 6, and
mounting plate 9, but the elongated stiffening member is
square hollow tube 11. Hollow tube 11 may be, in cross
section, circular, oval, elliptical, rectangular, square, or other
shape; preferably, it is square or rectangular. It may be made
of'various rigid materials, such as metals, fiberglass, graphite,
carbon fiber, or plastic, but is preferably made of carbon fiber
and has walls about 0.010 to about 0.060 inches thick.

Referring to FIG. 4, the inside of hollow tube 11 is empty
space 12 at one end 4 and is a lightweight, shock-absorbing
counterbalance material 13, such as core 6, at the other end.

InFIGS. 6 and 7, shaft 10 has a skin 5, core 6, and mounting
plate 9, inside the elongated stiffening member 11 is a com-
posite structure 14 which consist of a “X” shaped stiffener,
similar to spar 7.

InFIGS. 8 and 9, shaft 15 has a skin 5, core 6 and mounting
plate 9, but the elongated stiffening member is a round hollow
tube 16.

In FIG. 10, shaft 17 has a skin 5, core 6, mounting plate 9,
and elongated stiffening member 16, contained within elon-
gated stiffening member 16 are adjustable, threaded, counter-
balance weights 18.

Shaft19, shown in FIG. 11, is similar to the shaft 17 of FIG.
10, but hollow tube 16 has a seal 20 at one end and a plug 21
at the other that is slotted on the outside (not shown). Inside
tube 16 is weight 22 that slides within tube 16. A first spring
23 is in between weight 22 and seal 20 and a second spring 24
is in between weight 22 and plug 21. When shaft 19 is swung
by the user, centrifugal force moves weight 22 opposite to end
4. When the swing is over, weight 22 returns its original rest
position. Plug 21 is slotted or otherwise altered on the outside
so that it can be turned by the user. The inside portion of tube
16 that plug 21 is in contact with is threaded so that the user
can turn plug 21 to move it in or out and thereby increase or
decrease the force of springs 23 and 24 on weight 22.

InFIG. 12, shaft 25 is similar to shaft 17, but has an internal
hollow tube 26 (inside tube 16) with a seal 27 at one end and
a plug 28 at the other. Tube 26 is filled with fluid 29 and
contains weight 30 that has a passageway 31 through it. When
the shaft is swung, centrifugal force moves weight 30, but
fluid 29 dampens the movement. Fluid 29 is preferably a
medium-viscosity, temperature-stable hydraulic dampening
fluid such as motor oil, or vegetable oil. It counter balances
the head and allows the player to angle the stick intentionally
shifting the center of gravity providing a dynamic weighting.

Shaft 32, in FIG. 13, is similar to shaft 17, but weight 33 has
threads that engage the threaded inside of tube 34. Weight 33
is provided with, for example, a slot at the end (not shown) so
that the user can adjust the position of the weight 33 along the
inside of shaft 32 as well as removing or replacing the weight
with a heavier or lighter weight, by turning weight 33 with a
screwdriver.

Shaft 35, in FIG. 14, is similar to shaft 9, with a skin 5, core
6, mounting plate 9, and an internal hollow tube 11. Inside



tube 11 is weight 36, which threadedly engages screw drive
37. Screw drive 37 is rotatably attached to block 38 at one end
and to housing 39 at the other. Screw drive 37 is provided
with, for example, a slot (not shown) at the end held by
housing 39 so that the user can turn it with a screwdriver,
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thereby moving weight 36 along the inside of tube 11.

The shafts of this invention may be made by a variety of
processes that will be apparent to those skilled in the art. In
one process, a foamed core stock is made by injection mold-
ing in two longitudinal halves that are partially hollowed out.
The various internal parts are then inserted into one of the
halves, the two halves are glued together, and the skin is
applied over them. Before the skin is applied, internal spaces

can be injected with foamed plastic.

A first flow, flow A below, is an example of a process for

making an athletic shaft of the invention.

Flow A

Step 1 Produce the
Inner Core

(6)

Step 2 Inner Core
Minor
Axis
Lamination
®)

Step 3 Inner Core
Major
Axis
Lamination

@

Step 4 Inserting
Head
Mounting
Tabs (9)

Step 5 Fabricating
the
Structural
Outer Shell
inner Layer
®)

Step 6 Fabricating
the
Structural
Outer Shell
Outer Layer

Step 7 Finish Coat

Starting with rectangular stock of desired material,
such as structural foam or balsa wood (6), machine to
proper external octagonal dimensions in accordance
with NCAA and other governing organization’s
regulations and industry standards, and shape core (2)
being careful to manage thickness to accommodate
future manufacturing steps.

Split the shaped core by saw to appropriately insert
and epoxy/adhesive-in-place a laminate layer (8) of
structural composite material, such as unidirectional
carbon fiber. Clamp the laminated structure
appropriately and allow to set.

Vertically split the horizontally laminated shaped
core by saw, bisecting the step 2 laminate layer (8),
enabling the stick to be laminated in quarters when
viewed as a cross section. Now insert and
epoxy/adhesive-in-place a laminate layer (7) of
structural composite material, such as unidirectional
carbon fiber. Clamp the laminated structure
appropriately and allow to set.

Carefully notch the head-end (4) of the inner core (6)
to receive head-mounting screw reinforcement plates.
The plates (9) located as shown in FIG. 3 and similar
to plates (9) in FIG. 4 Section C-C, should be flush
with the inner core (6) surface.

Carefully slide the continuously woven, directionally
oriented, composite sleeve of material (5) such as
carbon/carbon or Kevlar/carbon, over the laminated
shaped inner core (6). Imbed composite sleeve with
desired multipart resin and place in two-part shaped
mold and allow to cure.

Carefully slide another layer of continuously woven,
directionally oriented, composite sleeve of material
such as Kevlar/carbon, over the inner shell layer (5).
Imbed composite sleeve with desired multipart resin
and place in a two-part shaped mold and allow to
cure.

Apply product body graphics as desired, apply end
stickers to seal and protect the core (6), then coat with
a thin layer of polyurethane and allow to dry.

A second flow, flow B below, is an example of a process for

making an athletic shaft of the invention.

Flow B

Step 1 Produce the
Inner Core

(6)

Starting with rectangular stock of desired material,
such as structural foam or balsa wood (6), machine to
proper external octagonal dimensions in accordance
with NCAA and other governing organization’s
regulations and industry standards, and shape core (2)
being careful to manage thickness to accommodate
future manufacturing steps.

w
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-continued
Flow B
Step 2 Inner Split the shaped core by saw along the major axis to
Core expose the inner surface of the two halves. With a
Internal shaped bit router, machine a shaped channel down the
Member center of the length of each half to receive half of a
Lamination  structural component (11) of specific shape such as a
(11) round (16) or rectangular (11) or triangular shaped

hollow tube or an extruded or formed hollow or solid
shape of custom design of such material as
unidirectional carbon fiber, metallic alloy, or other
suitable material providing desired rigidity and
strength. With epoxy or appropriate adhesive,
laminate the internal structural component (11) and
the two halves of the inner core material (6) all to
each other. Clamp the laminated structure
appropriately and allow to cure.

Step 3 Inserting Carefully notch the head-end (4) of the inner core (6)

Head to receive head-mounting screw reinforcement plates
Mounting (9). The plates (9) located as shown in FIG. 5, should
Tabs (9) be flush with the inner core (6) external surface.

Step 4 Fabricating  Carefully slide the continuously woven, directionally
the oriented, composite sleeve of material (5) such as
Structural carbon/carbon or Kevlar/carbon, over the laminated

Outer Shell  inner core (6). Imbed composite sleeve with desired
Inner Layer multipart resin and place in two-part shaped mold and

(5) allow to cure.
Step 5 Fabricating  Carefully slide another layer of continuously woven,
the directionally oriented, composite sleeve of material

Structural such as Kevlar/carbon, over the first shell layer (5).
Outer Shell  Imbed composite sleeve with desired multipart resin
Outer Layer and place in a two-part shaped mold and allow to cure.
Step 6 Finish Coat  Apply product graphics as desired, apply end stickers
to seal and protect the core (6), then coat with a thin
layer of polyurethane and allow to dry.

A third flow, flow C below, is an example of a process for
making an athletic shaft of the invention.

Flow C

Step 1 Produce the  Starting with rectangular stock of desired material,
Inner Core  such as structural foam or balsa wood (6), machine to
(6) proper external octagonal dimensions in accordance
with NCAA and other governing organization’s
regulations and industry standards, and shape core (2)
being careful to manage thickness to accommodate
future manufacturing steps.
Step 2 Inner Core  Split the shaped core by saw along the major axis to

Internal expose the inner surface of the two halves. With a
Member shaped bit router, machine a shaped channel down the
Lamination  center of the length of each half to receive half of a
(11) structural component (11) of specific shape such as a

round (16) or rectangular (11) or triangular shaped
hollow tube or an extruded or formed hollow shape of
custom design of such material as unidirectional
carbon fiber, metallic alloy or other suitable material
providing desired rigidity and strength. With epoxy or
appropriate adhesive, laminate the internal structural
component (11) and the two halves of the inner core
material (6) all to each other. Clamp the laminated
structure appropriately and allow to cure.

Step 3 Adding Insert variable length vibration dampening counter
Vibration balance material (13) to desired location toward the
Dampening nonhead end (2) of the stick, inside the tube (11),
Counter completely filling or partially filling (13) the internal
Balance tube structure (12) inside the inner core (6) as shown
Material in FIG. 4. The exact positioning of the counter balance
(13) material may vary in accordance with product

specifications to yield different performance
characteristics of different models being produced.
Step 4 Inserting Carefully notch the head-end (4) of the inner core (6)

Head to receive head-mounting screw reinforcement plates
Mounting (9). The plates (9) located as shown in FIG. 5, should
Tabs (9) be flush with the inner core (6) external surface.
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-continued

Flow C

Step 5 Fabricating  Carefully slide the continuously woven, directionally

the oriented, composite sleeve of material (5) such as
Structural carbon/carbon or Kevlar/carbon, over the laminated
Outer inner core (6). Imbed composite sleeve with desired
Shell Inner  multipart resin and place in two-part shaped mold and
Layer (5) allow to cure.

Step 6 Fabricating  Carefully slide another layer of continuously woven,
the directionally oriented, composite sleeve of material
Structural such as Kevlar/carbon, over the first shell layer (5).
Outer Shell  Imbed composite sleeve with desired multipart resin
Outer Layer and place in a two-part shaped mold and allow to cure.

Step 7 Finish Coat  Apply product graphics as desired, apply end stickers
to seal and protect the core (6), then coat with a thin

layer of polyurethane and allow to dry.

A fourth flow, flow D below, is an example of a process for
making an athletic shaft of the invention.

Flow D

Step 1 Produce the Starting with rectangular stock of desired material,

Inner Core  such as structural foam or balsa wood (6), machine to

(6) proper external octagonal dimensions in accordance
with NCAA and other governing organization’s
regulations and industry standards, and shape core (2)
being careful to manage thickness to accommodate
future manufacturing steps.

Step 2 Inner Core  Split the shaped core by saw along the major axis to
Internal expose the inner surface of the two halves (6). With a
Member shaped bit router, machine a shaped channel down the
Lamination  center of the length of each half to receive half of a
(11) structural component (11) of specific shape such as a

round (16) or rectangular (11) or triangular shaped
hollow tube or an extruded or formed hollow shaped
tube, with integrally formed internal supports of
custom design of such material as unidirectional
carbon fiber, metallic alloy or other suitable material
providing desired rigidity and strength. With epoxy or
appropriate adhesive, laminate the internal structural
component (11) and the two halves of the inner core
material (6) all to each other. Clamp the laminated
structure appropriately and allow to cure.

Step 3 Adding Insert variable length integrated stiffening member
Variable (14) inside inner core (6) structural tube (11) to
Length desired location as specified in product specifications
Integrated to yield different performance characteristics of
Stiffening different models being produced, stiffening member
Member(s)  (14) may run the entire length of the stick or only
(14) partially. Secure stiffening member in place with

adhesive or other mechanical devise such as foam
packing or oversized rubber plugs.

Step 4 Inserting Carefully notch the head-end (4) of the inner core (6)
Head to receive head-mounting screw reinforcement plates
Mounting (9). The plates (9) located as shown in FIG. 5, should
Tabs (9) be flush with the inner core (6) external surface.

Step 5 Fabricating  Carefully slide the continuously woven, directionally
the oriented, composite sleeve of material (5) such as
Structural carbon/carbon or Kevlar/carbon, over the laminated
Outer Shell  inner core (6). Imbed composite sleeve with desired
Inner Layer multipart resin and place in two-part shaped mold and
(5) allow to cure.

Step 6 Fabricating  Carefully slide another layer of continuously woven,
the directionally oriented, composite sleeve of material
Structural such as Kevlar/carbon, over the first shell layer (5).
Outer Shell  Imbed composite sleeve with desired multipart resin
Outer Layer and place in a two-part shaped mold and allow to cure.

Step 7 Finish Coat  Apply product graphics as desired, apply end stickers

to seal and protect the core (6), then coat with a thin
layer of polyurethane and allow to dry.

A fifth flow, flow E below, is an example of a process for
making an athletic shaft of the invention.
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Flow E

Step 1 Produce the  Starting with rectangular stock of desired material,

Inner Core  such as structural foam or balsa wood (6), machine to

(6) proper external octagonal dimensions in accordance
with NCAA and other governing organization’s
regulations and industry standards, and shape core (2)
being careful to manage thickness to accommodate
future manufacturing steps.

Step 2 Inner Core  Split the shaped core by saw along the major axis to
Internal expose the inner surface of the two halves. With a
Member shaped bit router, machine a shaped channel down the
Lamination  center of the length of each half to receive half of a
(11) structural component (11) of specific shape such as a

round (16) or rectangular (11) or triangular shaped
hollow tube or an extruded or formed hollow or solid
shape of custom design of such material as
unidirectional carbon fiber, metallic alloy or other
suitable material providing desired rigidity and
strength. With epoxy or appropriate adhesive, laminate
the internal structural component (11) and the two
halves of the inner core material all to each other.
Clamp the laminated structure appropriately and allow
to cure.

Step 3 Adding Insert variable length adjustable counter weight
Variable system housing in the nonhead end of the stick
Length (FIG. 10), permanently secure with adhesive
Adjustable  inside the tube (11, 16) inside the inner core
Counter- (6) positioned as shown in FIG. 10. The inner
balance core adjustable counter weights (18) are
Weighting supplied with the stick and installed by the
System end user by screwing the weights into the inner core
17) adjustable counter weight system housing, weights

(18) may be installed in the end or deeper internally to
desired locations to yield preferred balance and feel.
The length of the counter weight system housing may
vary as specified in product specifications to yield
different performance characteristics of different
models being produced.

Step 4 Inserting Carefully notch the head-end (4) of the inner core (6)
Head to receive head-mounting screw reinforcement plates
Mounting (9). The plates (9) located as shown in FIG. 5, should
Tabs (9) be flush with the inner core (6) external surface.

Step 5 Fabricating  Carefully slide the continuously woven, directionally
the oriented, composite sleeve of material (5) such as
Structural carbon/carbon or Kevlar/carbon, over the laminated
Outer Shell  inner core (6). Imbed composite sleeve with desired
Inner Layer multipart resin and place in two-part shaped mold and
(5) allow to cure.

Step 6 Fabricating  Carefully slide another layer of continuously woven,
the directionally oriented, composite sleeve of material
Structural such as Kevlar/carbon, over the first shell layer (5).
Outer Shell  Imbed composite sleeve with desired multipart resin
Outer Layer and place in a two-part shaped mold and allow to cure.

Step 7 Finish Coat  Apply product graphics as desired, apply end stickers

to seal and protect the core (6), then coat with a thin
layer of polyurethane and allow to dry.

In addition to the implementation of shafts discussed
above, other implementations can combine elements from
each of the following categories:

Outer Shell: Various embodiments of the invention further
include: a composite outer shell (5) with diagonally oriented
or regularly (nondiagonally) oriented continuous weave fab-
ric of single or multiple materials. The invention further com-
prising: a composite outer shell (5) with multiple layers of
diagonally oriented and/or regularly (nondiagonally) ori-
ented continuous weave fabric each of single or multiple
materials, or combinations of these.

Core: The invention further comprising: a solid inner core
oflaminated layers of core material (6) and carbon fiber strips
7, 8).

The invention further comprising: a solid inner core of
laminated layers of core material (6) and custom shaped
hollow tubing (11, 16). The invention further comprising: a
solid inner core of laminated layers of core material (6) and
custom shaped, partially hollow, tubing (11, 16).
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The invention further comprising: a solid inner core of
laminated layers of core material (6) and custom shaped filled
tubing (11, 16). The invention further comprising: a solid
inner core of laminated layers of core material (6) and custom
shaped internal member.

EXAMPLES

Part I

TABLE 1-continued
Specimen  Weight (0z) Type of core Skin
Al0 4.4 Balsa core no stiffener Carbon/carbon-
carbon/carbon

The spar configurations (Al, A2, AS, and A6) had unidi-
rectional carbon fiber spar stiffeners running the length of'the
shaft. In cross-section, the carbon-carbon spar appears as an

10"« that is 0.06 or 0.03 inches thick; it was oriented so as to
Shafts of this Invention bisect the balsa across both minor axes of the shaft. The round
graphite tubes (A3 and A7) had an outside diameter of 0.5

The shafts tested in the examples had a cross-section and inches with a wall thickness of 1s inch; the tube ran the length
size similar to the commercial hollow tube designs, that is, s of'the balsa core centered on the major and minor axes of the
they had a slightly elongated octagon geometry. The shaft shaft. The square aluminum tubes (A4 and A8) were square
design combined a thin outer composite skin (hybrid fabric tubes with an outside length on a side of 3% inches and a wall
melded in a polymer matrix resin) over a shock absorbing thickness of Y42 inches; the tube ran the length of the balsa
core with a laminated inner stiffening element. Both the skin core center ed on the major and minor axes of the shaft. The
and core elements were combined in various configurations to ,, orientation of th? tube was aligned with the tube corners in
produce specific mechanical behavior profiles. line with the major and minor axes of the shaft. The balsa

Three multilayered skin configurations were tested to cores (A9 and A10) were solid pieces of balsa that ran the
determine the contributions of the skin and core to perfor- length of the stick. The Kevlar/carbon-carbon/carbon skin
mance. The first multilayer composite skin had an inner layer ~ and the carbon/carbon-carbon/carbon skin had a thickness of
of Kevlar (a para-aramid polymer fiber, long-chain synthetic 55 approximately 0.030 inches.
polyamide sold by Dupont)/carbon hybrid fabric and an outer
layer of Kevlar/carbon hybrid fabric. The second had an inner Example 1
layer of Kevlar/carbon hybrid fabric and an outer layer of .
carbon/carbon fabric. The third had an inner layer of carbon/ Bending Tests
carbon fabric and an outer layer of carbon/carbon fabric. 30 . . . .

Ten different material combinations were tested to deter- Bending load testing determined .the stress-to-strain mea-
mine how the shaft bending flexibility and breaking point surement under benfilng anq Fhe failure stress, the point of
could be altered and controlled. All ten specimens were 31 permanent deforma}tlon.. Additional force was then applied to
inches in length. There were four complex shaft cores without produce N atastrophlc failure, or collapse. Measurements were
the outer skin, four complex shaft cores with Kevlar/carbon- 35 ma.de using a Strike Bender Test Method (SBT,M) Machine.
Kevlar/carbon composite skins, and two with simple balsa This test also measured the el?lstlc stress-strain rate of .the
cores (one with a Kevlar/carbon-carbon/carbon composite shaft t.hat would result from in a Lacrosse ball throwing
skin and the other with a carbon/carbon-carbon/carbon com- (shoo.tlng) maneuver. . .
posite skin). Table 1 describes the test specimens. Usu.lg the SBTM,’ bending stress-strain was determined by

mounting a shaft in the hard point bending mounts on a
TABLE 1 40 SBTM machine and applying a force perpendicular to the
head mounting end. The shafts were mounted to bend across
Specimen  Weight (0z) Type of core Skin the shorter of the two axes. Force and deflection were mea-
- - sured continuously with incremental increases in the force to
Al 4.4 0.060-in spar in balsa None . . .
" P 0.030-in spar in balsa None us e.stabhsh the stress-strain response until permanent defonpa-
A3 26 Round graphite tube in balsa ~ None tion was observed. Upon observing permanent deformation,
A4 3.4 Square aluminum tube in balsa None force was applied to produce catastrophic failure. The results
AS 7.2 0.060-in spar in balsa Kevlar/carbon- are shown in table 2, where “()” indicates plastic deformation
A6 60 0.030-in sparin balss E:Z}z;zzggi (elastic limit), “[ ] indicates structural failure, “{ }” indicates
Kevlar/carbon collapse, and an underline indicates spalling.
A7 6.1 Round graphite tube in balsa ~ Kevlar/carbon- 30 The balsa core alone and skin alone individually had
. . Kevlar/carbon strengths so low they were not measurable using the SBTM
A8 6.1 Square aluminum tube in balsa Kevlar/carbon- . . .
Kevlar/earbon machine and therefore they are not included in the test results.
A9 41 Balsa core 1o stiffener Kevlar/carbon- The core by itself had a measurable strength, but in the skin
carbon/carbon and core combination, the strength can be 2 to 5 times greater
than the core alone.
TABLE 2
Bending Test—Shafts of this Invention
Ibs
cm in A5 Al A6 A2 AT A3 A8 A4 A9 AlO
1 04 4 21 4 2 0 1 1 2
2 08 9 7 4 0 9 4 4 2 4 5
3 12 14 11 8 2 14 7 6 4 5 7
4 1.6 19 15 11 o0 17 8 6 6 7 9
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TABLE 2-continued

12

Bending Test—Shafts of this Invention

lbs

ecm in AS Al A6 A2 A7 A3 A8 A4 A9 AlO
5 20 24 18 13 0 23 11 11 6 9 11
6 24 28 (19) 13 0 27 16 13 8 11 12
7 2.8 33 20 15 71 31 17 15 9 12 14
8 3.1 38 22 25 35 20 17 10 14 16
9 35 43 24 28 0 38 23 19 11 14 17
10 39 (45) 27 31 0 41 25 20 12 16 [20]
11 43 51 28 31 a4 6] (22) (o] 17 21
12 47 55 29 34 48 {26} 22 11 19 22
13 5.1 60 {30} 36 [50] 24 11 20 22
14 55 66 39 {58} 24 11 [19] 24
15 59 70 321 {13} 26 {11} 20 24
16 63 77 34 26 26
17 6.7 [81] 35 28 21 26
18 7.1 86 {35} [28] 22 26
19 75 53 21 26
20 79 62 21 26
21 83 {65} 27 21 26
22 87 {27} 21 27
23 9.1 {21} 26
24 94 {26}
25 9.8

The stronger shaft in AS exhibited no plastic deformation
until ithad been bent through 3.9 inches at 45 pounds of force.
In A8, the square aluminum core stiffener had plastic defor-
mation at 13-pound force and 2.4 in deflection. Thus, the
point of plastic deformation ranged from 2.4 inches to0 3.9, a
factor of 1.6.

Example 2
Stress-Strain

Using the data given in table 2, the stress-strain, the stress
at plastic deformation, and the elastic linear stress-strain rate

were calculated. Table 3 gives the results.
TABLE 3
Test Elastic Stress and Strain
Elastic
Stress/
Stress Strain Strain Rate
Specimen Core-skin (Ibs)  (in) (Ibs/in)
Al 0.060-in spar in balsa-no skin 18 2.0 9
A2 0.030-in spar in balsa-no skin 7.1 2.8 2.5
A3 Round graphite tube in balsa-no skin 16 2.4 6.7
A4 Square aluminum tube in balsa-no 6 2.0 3
skin
AS 0.060-in spar in balsa- 33 2.8 11.8
Kevlar/carbon-Kevlar/carbon
A6 0.030-in spar in balsa- 31 5.1 6.1
Kevlar/carbon-Kevlar/carbon
A7 Round graphite tube in balsa- 38 3.5 11
Kevlar/carbon-Kevlar/carbon
A8 Square aluminum tube in balsa- 17 3.1 55
Kevlar/carbon-Kevlar/carbon
A9 Balsa-Kevlar/carbon-carbon/catbon 14 3.5 4
Al0  Balsa-carbon/carbon-carbon/carbon 12 2.4 5

The various cores with skin had a significant increase in
bending strength over cores without skin. Adding a core stiff-
ening element (A8) to the simple balsa core (A9) increased
the bending stress-strain rate from 4 to 5.5, a factor of 1.37
and, by selecting a more efficient core stiffening element, the
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factor was increased to 3 (AS compared to A9is 11.8/4=2.95).
By changing the core stiffeners, as was done A5, A6, A7, and
AS8, the bending stress-strain rates varied by a factor of 2,
(11.8/5.5=2.1).

Inthe weakest of the sticks of this invention, A8, the square
aluminum core stiffener had a plastic deformation at 22
pounds force and 4.3 in deflection. The remainder of the
shafts of this invention exhibited no plastic deformation up to
structural failure. Thus, the point of plastic deformation and
the structural failure point can be engineered by altering the
core stiffener component.

Inthe case of the two balsa cores without the core stiffening
elements (A9 and A10) there was a (5/4=1.25) a 25 percent
difference in the bending stress-strain rate between the same
core and two different skins. However, the balsa-carbon/car-
bon-carbon/carbon composite shaft (A10) weighed 0.3
ounces more than the balsa-Kevlar/carbon-carbon/carbon
shaft (A9). Subtracting the weight of the balsa (1 ounce) from
each of the shaft weights and taking the ratio of the skin
weights, the carbon/carbon-carbon/carbon skin (A10) was
3.4/3.1=1.097 or 9.7 percent heavier. If the balsa core in each
test is providing the same stiffness, then adjusting the total
shaft stress-strain rate ratio to have the same skin weights, i.e.
1.25 times 3.1/3.4=1.14, the shaft with the carbon/carbon-
carbon/carbon skin (A10) was 14 percent stronger than the
Kevlar/carbon-carbon/carbon skin (A9).

TABLE 4

Skin minus no skin

Skin/no Skin minus no skin
skin elastic elastic stress-

Specimens Core stress-strain rate  strain rate (1b/in)

AS/AL 0.060-in spar in balsa 11.8/9=13 11.8-9=2.81b/in

A6/A2  0.030-in spar in balsa 6.1/25=24 6.1-24=3.7

A7/A3  Round graphite tube in 11/6.7=1.7 11-6.7=43
balsa

A8/A4  Square aluminum tube 55/3=1.8 55-3=25
in balsa

Average 1.8 3.3 1b/in
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Adding the skin increased the stress-strain rate (stiffness)
for each of the cores on average by 3.3 pounds per inch.

TABLE §

14

between the two mounting points which were positioned 10
inches apart to simulate a player’s grip.

An integral of frequency and amplitude over time called the
Total Power Measurement is the result of the strike energy.

5 .. .
Increase in bending stress-strain This is extracted from the measurement data using the Spectra
Plus analyzer “total power utility”” The Total Power (-dB) is
. Skin Increases bending used to verify that the impact on each test specimen was
Specimens Core stress-strain rate by . . .
consistently applied so that other presentations of the
AS5/Al 0.060 in spar in balsa 11.8/9=13 1o recorded acoustic measurement can be directly compared.
A6/A2  0.030 in spar in balsa 6.125=24
A7/A3  Round graphite tube in balsa 11/6.7=1.7
A8/A4  Square Aluminum tube in balsa 55/3=1.8 TABLE7
Average 1.8
Integrated Vibration Energy

There was a significant increase in bending strength for the 13 Specimen Type of core-skin Total Power (dB)
cores with skin over the cores without skin. On average, A5 0.060-in spar in balsa- 59.8
adding the skin increased the bending stress-strain rate by a Kevlar/carbon-Kevlar/carbon
factor of 1.8 for the skin thickness and cores tested. A6 0.030-in spar in balsa- 64.2

Kevlar/carbon-Kevlar/carbon
20 A7 Round graphite tube in balsa- 61.1
Example 3 Kevlar-carbon-Kevlar/carbon
A8 Square Aluminum tube in balsa- 69
Structure Failure Kevlar-carbon-Kevlar/carbon
A9 Balsa core- 74

Using the data intable 3, table 6 gives the point of structural 25 i:igg%;gg;g’;n/wmn 65.6
failure. The test specimens broke without producing sharp i
jagged edges at the point of failure.

In Table 7 the similarity in total power shows the impact
TABLE 6 energy delivered to the sticks by the striker bar was compa-
Structural Failure 30 rable.
Structural
point Example 5
failure Stress-strain
Specimen Type of core-skin lbs in ratio (Ib/in) 35 Decay Time
AS 0.060-in spar in balsa- 81 6.7 12
Kevlar/carbon-Kevlar/carbon Table 8 lists the decay time. That is the time from the
A6 0.030-in spar in balsa- 32 5.9 54 : . : : :
Revlar/catbon-Kevlar/carbon 1mPact sharp rise until the vibrations decay to the background
A7 Round graphite tube in balsa- 50 5.1 9.8 40 ho1se level.
Kevlar/carbon-Kevlar/carbon
A8 Square aluminum tube in balsa- 28 7.1 39 TABLE &
Kevlar/carbon-Kevlar/carbon
Vibration Energy Decay Time

The core stiffener demgn affects the amount Qf . force 45 Specimen  Type of core-skin Decay Time (sec)
needed to cause structural failure. For the shafts of this inven- : :
tion tested in this program, there was almost a factor of three, A5 %Sfli_rl/l;asr%fnli(zil/lli_/carbon 0.037
from 3.9 to 12 pounds per inch, difference in the bending A6 0.030-in spar in balsa- 0.031
stress-strain rate at structural failure. Kevlar/carbon-Kevlar/carbon

50 A7 Round graphite tube in balsa- 0.037
Example 4 Kevlar-carbon-Kevlar/carbon
p A8 Square Aluminum tube in balsa- 0.036
Kevlar/carbon-Kevlar/carbon
Impact Vibration Tests Average 0.035
A9 Balsa core- 0.031
. . . . . . Kevlar/carbon-carbon/carbon

The impact/vibration test measured the vibration retention 55
in the stick shaft after an impact.

Vibration damping was measured on the SBTM machine. The shortest decay time was for A9. Because A6 had the
A lacrosse stick was mounted in the machine and a speed same decay time, 0.031 seconds, as A9, it indicates that a spar
.controlled StI‘lklf‘lg tube 111’1’pacted a mounted lacrosse stick 3 that thin does not retain vibrational energy.
inches from the “head end” and 15 inches from the nearest of 60 . ) o .
two mount points. For the vibration test the standard impact ‘The shortest decay time with a shaft of this invention was
was provided by adjusting the striker bar end velocity to 30 Wl.th a bal§a core and no core stiffening element. (A9). The
miles per hour. This simulated the stick velocity achieved thin 0.03-inch spar (A6) had the same decay time, 0.031
when a lacrosse ball is passed from one player to another seconds, as the specimen with no core stiffening element
during play. The mounting of the test fixture is the same for 65 (A9), indicating that a thin spar does not retain vibrational

each stick and was achieved by a nonadjustable latching
mount. Acoustical vibrations were measured midway

energy. The average decay time for the shafts of this invention
that had core stiffeners was 0.035.
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Part 11 Table 11 compares the bending test results with the results
for the shafts of this invention.
Comparison with Commercial Shafts TABLE 11
Example 6 5 Bending Test—Comparison of Composite Shafts
1bs

Commercial Shafts—Bending Test

Cm in Cl11 C12 C13 AS A6 A7 A8
A set of commercial hollow tube shafts were selected for
testing that were representative of those sold by several major 10 i 8 g 13 g 11 g i g 2
sports equipment manufacturers. These shafts had a shaft 3 12 31 14 23 14 g 14 6
cross-section that was a slightly elongated octagonal geom- 4 1.6 48 19 32 19 11 17 6
. 5 20 59 23 43 24 13 23 11
etry. Table 9 describes the shafts. 6 24 (0 55 pist % 5 Pt 13
15 7 28 83 29 61 33 15 31 15
TABLE 9 8 31 95 4 75 38 25 35 17
9 35 109 39 78 43 28 38 18
Commercial Test Specimens 10 3.9 [124] 46 {85} 45 31 41 20
11 43 132 52 51 31 44 22
Length  Weight 12 47 [138] 57 55 34 & (22
Specimen (in) (0z) Material Manufacturer ~ Model 1351 62 60 36 [50] 24
200 14 55 {68} 66 39 {58} 24
Hollow Metal Tubes 15 5.9 70 [32] 26
16 63 77 34 26
Cc-1 30.5 8.6 Alloy STX Titanium 17 6.7 [81] 35 28
Cc-2 30.5 7.2 Alloy Brine Swizzle 18 7.1 86 {35} [28]
C-3 30.25 6.5 Alloy Warrior ~ Levitathon 19 75 53
C-4 31 5.6 Alloy STX SC+TI 25 20 79 62
C-5 31 5.3 Alloy STX Scandium 21 83 {65} 27
Cc-6 31 5.8 Alloy STX C405 22 {27}
C-7 30 6.1 Alloy Warrior  Kryptolyte 23
C-8 31 6.1 Alloy STX Steel 7000
C-9 30.5 5.7 Alloy Brine Supra 7075 Example 7
C-10 31 6.2 Alloy Warrior  Alloy 2000 30
Split Shaft (Hybrid) Commercial Shafts, Stress-Strain Test
C-11 30 7.1 Alloy- Warrior Split shaft TABLE 12
composite
Composite Hollow Tube Hollow Tube Test Elastic Stress-Strain Rates
35
C-12 30 7.1 Composite Brine Python Stress Deformation Stress/strain
C-13 30.25 5.7 Composite Brine Composite Specimen (1b) deflection (in) (Ib/in)

Metal Alloy

The same tests that were performed in the preceding
examples were performed on the commercial hollow alloy C-1 35 12 30

tube shafts. The results are given in Table 10. c2 78 35 223
TABLE 10
Bending Test—Hollow Tube Commercial Shafts
lbs

cn in  Cl C5 C2 Co6 C3 Cc7 C4 (@] c9 C10
1 04 10 7 10 9 5 5 8 7 7 4
2 08 22 16 18 16 13 16 17 15 15 8
3 12 (35 26 27 26 21 25 26 25 23 18
4 16 46 36 (36) 36 35 35 (36) (33) 30
520 60 (46) 45 46 a4 (50) 42 [41] (39)
6 24 71 57 56 55 49 62 50 44 51
7 28 82 66 61 64 29 60 70 [58] 47 [61]
8 3.1 94 72 68 76 64 68 81 62 50 60
9 35 105 78 79 (84)  (70)  (79) [04] {62} 49 62
10 3.9 114 83 83 90 [78] 86 99 48 {58}
11 43 127 [93] 89 o8] {81} [94] 100 48 60
12 4.7 140 97 96 100 77 95 98 {49} 60
13 51 [151] 99 [100] {100} 76 {100} {103} 47

14 55 154 102 107 72 51 99 98 43

15 5.9 154 {110} 111 63 36 99 40

16 63 168 106 {115} 51 29 74 67 39

17 6.7 {153} 65 94 38 64 60

18 7.1 148 79 60 56

19 7.5 82 57 55 54

20 79 41
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TABLE 12-continued

Hollow Tube Test Elastic Stress-Strain Rates

Stress Deformation Stress/strain
Specimen (lb) deflection (in) (1b/in)
C-3 79 35 22.6
C-4 64 2.8 22.9
C-5 29 2.8 18
C-6 49 2.4 20.4
C-7 26 1.2 21.7
C-8 25 1.2 20.8
Cc-9 23 1.2 19.2
C-10 30 1.6 18.8
Split shaft hybrid
C-11 59 2 29.5
Composites
C-12 34 3.1 11
C-13 52 2.4 21.8

The sticks of this invention with stiffened cores and skin
(AS, A6, A7, and A8) ranged in elastic stress-strain ratio over
a factor of 2 from 5.5 to 11.8 pounds per inch (table 3), where
the hollow tube alloy set (C1 to C13) also ranged almost a
factor of 2 from a low of 18 to a high of 30 pounds per inch.
Comparing the heaviest of the hollow metal tubes (C1) to the
lightest of the test specimens (C5), the ratio of elastic stress-
strains ratios 30/18=1.7 is comparable to the ratio of shaft
weights 8.6/5.3=1.6. Since the lengths and cross-sections are
the same, the resistance to bending varied directly with the
wall thickness. The lowest of the alloy tubes had an elastic
stress-strain ratio 18/11.8=1.53, which was 53 percent stiffer
than the highest of the shafts of this invention, indicating that
the shafts of this invention were about half as stiff as the
hollow alloy tube products.

The shafts of this invention exhibited no plastic deforma-
tion up to structural failure except for the core with a square
aluminum core stiffening element (AS8). The square alumi-
num core stiffener had plastic deformation at 22 pounds force
and 4.3 inch deflection. Thus, the point of plastic deformation
and the structural failure point can be engineered by altering
the core stiffener component. The stiffest shaft (AS) had a
deformation of 6.7 inches and an 80 pounds stress at the point
of structural failure.

The point of plastic deformation depended upon the shaft
thickness and the properties of the alloy used. The hollow
alloy tube shaft with the highest stiffness (C1) had a 30
pounds per inch stress-strain rate and exhibited permanent
deformation at a stress of 35 pounds and a deflection of 1.2
inches. The three lightest specimens (C4, C5, and C6) had
plastic on-set at a deflection of 3.5 inches and stress of about
80 pounds, showing they were more flexible. The remaining
70 percent of the alloy shafts exhibited plastic set with deflec-
tions under 2.0 inches. All hollow metal shafts failed plasti-
cally, taking a permanent set (bend) by 3.5 inches deflection.
The shafts of this invention had about twice the flexibility of
the hollow alloy tube shafts.

The split shaft hybrid (C8) responded to the bending force
applied in the test very much like the strongest of the hollow
alloy tubes (C1). The stress-strain ratio at structural failure
was 32 pounds per inch for the split shaft hybrid compared to
30 pounds per inch for the hollow alloy tube.

For the two nonmetallic tube designs (C9 and C10) that
weighed 7.1 ounces and 5.7 ounces, respectively, the elastic
stress-strain ratios were 11 and 21.8 pounds per inch. Here,
the ratio of the elastic stress-strain ratios was 11/21.8 pounds

20

25

30

35

40

45

50

55

60

65

18
per inch=0.5 and the ratio of weights was 7.1/5.7=1.25, indi-
cating that the stiffness of the composite designs did not vary
as it did for the metallic tubes, where the stiffness varied
directly with the weight, but rather it is a result of the design
of the tube.

Example 8
Commercial Shafts, Stress-Strain at Failure
TABLE 13
Hollow Tube Test Stress-Strain at Failure
Plastic Deformation Structural failure
Deformation Deflection
Specimen  Stress (lb) (in) Stress (1b) (1b) Ratio
Metal Alloy
C-1 35 1.2 151 5.1 30
C-2 46 2.0 93 4.3 22
C-3 36 1.6 100 5.1 20
C-4 84 3.5 98 4.3 23
C-5 70 3.5 78 3.9 20
C-6 79 3.5 94 4.3 22
C-7 50 2.0 94 3.5 27
C-8 36 1.6 58 2.8 21
C-9 33 1.6 50 3.1 16
C-10 39 2.0 61 2.8 22
Split shaft hybrid
C-11 70 2.4 124 3.9 32
Composites
-12 62 5.1 68 55 124
13 78 3.5 85 3.9 22

The lowest structural failure stress-strain ratio was 16 and
the highest 30. The average was 22.3.

Hollow metal tubes, when bent to folding, present sharp
points at each side of the fold and, in the case of strong alloys,
metal spall. In one case, a %16 by %2 inch long piece was
forcefully ejected from the surface (C4).

The stress-strain ratios at structural failure were slightly
higher than elastic for both C9 and C10.

The stiffer cores of the shafts of this invention affected the
amount of force needed to cause structural failure. There was
almost a factor of three from 3.9 to 12 pounds per inch in the
bending stress-strain rate at structural failure for cores of
different stiffness. The elastic strain varied from 5.1 to 6.7
inches of deflection (strain) for the stronger cores. The lowest
structural failure stress-strain ratio for the hollow alloy tube
was 16 and the highest 30 pounds per inch. The average was
22.3 pounds per inch, compared to 12 for the stiffest shaft of
this invention. Thus, the shafts of this invention were about
half as stiff as the hollow alloy tubes at failure by intent.

Hollow metal tubes when bent to folding present sharp
points at each side of the fold and, in the case of strong alloys,
metal spall. In one case a pieces ¥1s inches by V2 inches long
was forcefully ejected from the surface of Specimen C1. The
test shafts of this invention broke without producing sharp
jagged edges at any point of failure. The lowest structural
failure stress-strain ratio for the hollow alloy tubes was 16
pounds per inch and the highest was 30 pounds per inch. The
average was 22.3 pounds per inch compared 12 for the stiffest
shaft of this invention.

In all respects, the split shaft hybrid design was a subset of
the hollow alloy tubes and performed similarly to the stiffest
of the hollow alloy tube specimens.
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The two hollow tube composites specimens were split in
their performance. C8, the stiffest (elastic stress-strain ratio of
22 pounds per inch), performed at about the average of the
hollow alloy tube shafts. C9, the less stift hollow composite
tube shaft, had the same elastic stress-strain ratio as the stiff-
est of the shafts of this invention, but it failed and broke at a
deflection of 5.5 inches whereas the shafts of this invention
flexed to 8.3 inches deformation before breaking and flexed
(8.3/5.5=1.51) 51 percent farther than the comparable hollow
tube composite design, a significant safety advantage.

Example 9

Frequency Range

Table 14 shows the frequency range from the impact test
for the shafts of this invention.

TABLE 14

Vibration Frequency content

Frequency Range
Specimen  Type of core-skin (kHz)
AS 0.060-in spar in balsa- Oto2
Kevlar/carbon-Kevlar/carbon
A6 0.030-in spar in balsa- Oto2
Kevlar/carbon-Kevlar/carbon
A7 Round graphite tube in balsa- Otol.5
Kevlar-carbon-Kevlar/carbon
A8 Square Aluminum tube in balsa- Otol
Kevlar/carbon-Kevlar/carbon
A9 Balsa core- Oto2

Kevlar/carbon-carbon/carbon

Most of the impact-vibration energy in the shafts of this
invention was concentrated in the lower frequencies (0 to 0.5
kilohertz) with little frequency content above 2 kilohertz and
will transmit less shock than other shaft technologies to the
hands of a player in a stick on stick impact. Lower frequency
vibrations are felt more like a push than a hit in a stick on stick
impact. All the hollow tube alloy specimens have a split in
their frequency content with large fractions of their vibration
energy concentrated in the O to 1 kilohertz and 4 to 5 kilohertz
frequencies. The hollow composite designs have vibration
energy concentrated in the lower frequencies (0 to 2 kilo-
hertz) with little frequency content above 3 kilohertz. The
frequency content in the composite hybrid was the same as
the alloy hollow tube shafis, i.e., the energy was concentrated
in the 0 to 1 kilohertz range and also at 4 to 5 kilohertz.

Example 10

Commercial Shafts, Decay Time & Frequency
Range

To show the vibration test impact is consistently applied,
the “Integrated Vibration Energy” called here the total power
is listed in Table 15. The decay time is the time from the sharp
rise to the background noise level.
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TABLE 15

Hollow Tube Vibration Test

Total Decay Frequency Frequency
Power Time Range Cconcentration
Specimen (-db) (sec) (KHz) Range (KHz)
Alloy Hollow Tube
C1 64.2 0.066 0to 5 Otol4to5
C6 62.7 0.05 0to 5 Otol4to5
Cc9 69.3 0.044 0to 5 Otol4to5
Average 65.4 0.053
Hollow Composite Tube
C12 62.7 0.035 Oto3 0to2
C13 73.9 0.040 Oto3 0to2
Average 68.3 0.0375
Split Shaft Hybrid
Cl1 65.7 0.043 0to 5 Otol4to5

In Table 15 the similarity in total power shows the impact
energy delivered to the sticks by the striker bar was compa-
rable.

The decay time was 50 percent and 30 percent longer in the
stronger hollow tube alloy design, C1 verses C6 and C9 that
had the lower linear stress-strain rates (30 pounds per inch for
C1 and 20.4 for C6 and 19.2 for C9).

Comparing averages from decay ranges that do not over-
lap, the alloy hollow tube shafts retained vibrational energy
0.053 seconds/0.035 seconds=1.51 or 51 percent longer than
the shafts of this invention.

Comparing averages from decay ranges, the hollow com-
posite tube shafts retained vibrational energy 0.0375 seconds/
0.035 seconds=1.071 or 7.1 percent longer than the shafts of
this invention.

Comparing the average of the decay range to the hybrid
decay time, the hollow composite tube shaft retained vibra-
tional energy 0.043 seconds/0.035 seconds=1.23 or 23 per-
cent longer than the shafts of this invention.

The average decay time for the shafts of this invention with
core stifteners was 0.035 seconds. The decay times for the
alloy hollow tube selected specimens ranged from 0.044 to
0.066 seconds with an average of 0.053 seconds.

This description of the invention has been presented for the
purposes of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise form
described, and many modifications and variations are pos-
sible in light of the teaching above. The embodiments were
chosen and described in order to best explain the principles of
the invention and its practical applications. This description
will enable others skilled in the art to best utilize and practice
the invention in various embodiments and with various modi-
fications as are suited to a particular use. The scope of the
invention is defined by the following claims.

The invention claimed is:

1. A process for making an athletic shaft comprising:

providing a shock-absorbing component having a polygo-
nal outer surface, the shock-absorbing component com-
prising a core foam;

dividing the shock-absorbing component into a first and
second portion;

forming a first channel in the first portion, the first channel
having a first semicircular inner surface;

forming a second channel in the second portion, the second
channel having a second semicircular inner surface;

applying an adhesive to the first and second channels of the
shock-absorbing component;



US 8,323,129 B1

21

using the adhesive, laminating an elongated stiffening
component to the first and second channels, wherein the
elongated stiffening component has a circular outer sur-
face and comprises extruded unidirectional carbon fiber,
and the shock-absorbing component encases the elon-
gated stiffening component, and
the first and second channel inner surfaces of the shock-
absorbing component encases an outer surface of the
elongated stiffening component without leaving any
empty spaces between the first and second channel inner
surfaces of the shock-absorbing component and the
outer surface of the elongated stiffening component;

placing an outer skin component, comprising a carbon fiber
fabric, over the shock-absorbing component and elon-
gated stiffening component, wherein the outer skin com-
ponent covers the outer surface of the shock-absorbing
component without leaving any empty spaces between
the outer skin component and the outer surface; and

using a mold, imbedding an epoxy resin into the outer skin
component.

2. The process of claim 1 wherein the polygonal outer
surface is octagonal.

3. The process of claim 1 wherein the carbon fiber fabric
comprises a weave of carbon fibers, the fibers extending in at
least two different directions.

4. The process of claim 1 wherein the outer skin component
further comprises polyamide fibers.

5. The process of claim 1 wherein the core foam comprises
polyurethane.
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6. The process of claim 1 wherein the core foam comprises
polystyrene.

7. The process of claim 1 wherein the elongated stiffening
component is a tube.

8. The process of claim 1 wherein the elongated stiffening
component is a spar.

9. The shaft of claim 1 wherein the elongated stiffening
component is made of a hollow tube having a wall thickness
of at least about 0.01 inches.

10. The process of claim 1 wherein the elongated stiffening
component and shock-absorbing component are each at least
25 inches long.

11. A lacrosse stick made from the process of claim 1.

12. A hockey stick made from the process of claim 1.

13. The process of claim 1 wherein the core foam com-
prises extruded polystyrene.

14. The process of claim 1 wherein a thickness of the core
foam between the outer skin component and the elongated
stiffening component is uniform.

15. The process of claim 1 wherein the elongated stiffening
component is a tube having a circular cross section having an
empty space within the tube.

16. The process of claim 1 wherein the elongated stiffening
component has a stress-strain ratio of at least 3.9 pounds per
inch at the point of structural failure.

17. The process of claim 1 wherein the shaft comprising a
combination of the outer skin, shock-absorbing, and elon-
gated stiffening components has the elastic stress-strain rate
of at least 5.5 pounds per inch.
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